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Abstract 
This article describes an ergonomic assessment of the production of traffic lights in an electronics company, located in Recife - 
PE. The workstation studied was assembly and maintenance in which we sought to identify potential ergonomic problems. Then 
such problems were ranked in order to determine their seriousness and the urgency of solving them using the technique of value 
analysis and Kepner Tregoe [10]. Video recordings and photographs were taken to support the ergonomic assessment and 
scientifically validated questionnaires were used to survey the profile of the workers, the characteristics of the job, health 
indicators and the physical and social conditions and the human labor costs. This paper also presents ergonomic 
recommendations for improvements in the physical, organizational and cognitive conditions in the work environment. 
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1. Introduction 
33 billion Brazilian reais are spent a year on issues related to accidents and prevention of occupational accidents, 
such as cost of the accident itself, social security benefits, prevention on workers' health, working hours lost, 
vocational rehabilitation, administrative costs, etc. There are about 5 million occupational accidents per year 
worldwide, and about 4% of gross domestic product (GDP) is spent on expenses related to diseases and accidents at 
 
 
* Corresponding author.  
E-mail address: queirozdebarros@hotmail.com 
 2015 The Authors. Published by Elsevi r B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
6543 Rafaela Q. Barros et al. /  Procedia Manufacturing  3 ( 2015 )  6542 – 6549 
work [1]. These accidents are influenced not only by aspects of the immediate work situation such as the machinery, 
the task, the technical or material means but also by the organization of the production process [2]. 
In this context, ergonomics plays a role of paramount importance in identifying risk factors that can lead to 
accidents at work and occupational diseases. According to the International Ergonomics Association - IEA (2002) 
[3], ergonomics is a scientific discipline that studies the relationships between man and elements of a system. This 
multidisciplinary area sets out to optimize the well-being of the individual and the overall performance of the 
systems. Ergonomics as a discipline in the fields of expertise studies the physical, cognitive and organizational 
characteristics of human interactions with one another and with the systems. In this dimension, Ergonomics has been 
a factor that has led to increasing productivity and the quality of products. It is valid to emphasize with regard to the 
aspect of the quality of life of workers that this requires the application of ergonomics knowledge in order to 
optimize the environmental conditions and to offer appropriate interaction with humans. Thus, the application of 
ergonomics can maximize an individual´s comfort and well-being, ensure safety, reduce human costs and increase 
the yield from the work so that the productivity of service may be improved [4]. 
The ergonomic analysis has been used successfully to identify factors that put workers’ health and safety at risk. 
This analysis also takes effect by making suggestions and recommendations, as well as by applying preventive 
measures in the workplace. Thus, many success stories can be seen in the industrial and service sectors [5,6,7]. 
According to data from the Communication of Work Accidents – CAT (in Portuguese), the number of accidents 
in 2013 was 717.911 [8]. Given this situation, it is of utmost importance to undertake ergonomic interventions to 
solve problems of different natures at work and especially to avoid fatalities. This paper presents an ergonomic 
analysis in the production process of assembly lines, especially of electronic equipment of the jobs of producing and 
maintaining electronic traffic lights in a company in the city of Recife-Brazil. 
2. Methodology applied to ergonomic analysis 
The methodology of this study was based on the approach of the Human-Machine-task system proposed by 
Moraes and Mont`Alvão [9] who describe an intervention that uses ergonomics as a method that tackles the problem 
from the point of setting out to identify it to adopting the solution. 
The field study was organized in two stages called ergonomic assessment and diagnosis. The procedures of the 
research involved site visits to conduct unsystematic and systematic analyses of the production jobs of the company 
studied. 
The study was conducted in accordance with the level of problems presented in the jobs. For this, the GUT - 
Gravity, Urgency and Trend – technique was used [10] which aims to identify the job that most presents problems 
and to select it to be the object of study. According to the authors, this technique is related to the following areas of 
analysis: 1. Gravity: This evaluates the possible damages or losses arising from a situation and these can be at three 
levels slight, medium or large. 2. Urgency: This observes the conditions of the interval of time needed to perform a 
given task or take a decision, the degree of urgency being considered as low, medium or great. 3. Trend: This 
analyzes the pattern or tendency for the situation to evolve and this can be seen as favorable, maintenance or 
unfavorable. 
The tools of analysis were selected in accordance with the specificity of the activity developed and applied in 
order to investigate the ergonomic factors involved in the production process and maintenance of electronic traffic 
lights during the working day. 
Finally, the results were analyzed and used as a basis to offer recommendations and conclusions about the problems 
encountered. 
3. Description of the job 
The production process of the company analyzed is responsible for producing three types of specific traffic 
signals: Vehicular Traffic signals Traffic Signals for Cyclists and Traffic Signals for Pedestrians. These types of 
equipment are developed in accordance with the demand for the following kinds of format: "I", GT (large 300 ml 
red lamp), "T", sequences, with lamp, chronometer, pedestrian and cyclists and level crossings. 
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The process map flowchart (Figure 1) shows schematically the location and flow of the job of assembly and 
maintenance. These interact to produce the final product. Depending on the demand, the warehouse employee 
selects the materials needed for the production and with the aid of a trolley transports them to the tables of the 
assembly sector. Subsequently, the assembly sector welds the LED lamps and assembles the modules being focused 
on. 
The production of the assembly and maintenance sector depends on the material produced in the assembly sector. 
The activities of the assembly and maintenance sector are carried out in three stages: assembly, collage and 
packaging. 
The material produced on assembly is transported to the assembly and maintenance sector using the trolley and is 
manually distributed on the worktop. In this area, employees wire and install the LED modules and copper focus in 
the focus groups of the traffic light (Figure 2). Then each focus group is packed with bubble and adhesive plastic 
and finally they are transported manually to where they are held as rotating stock. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Components of a focus group of the traffic 
lights and assembly and maintenance 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Location and flow of the assembly areas  
The assembly area consists of a rectangular table divided into eight work posts, each of which has a padded chair 
with adjustable height and a footrest, artificial ventilation (fans), general lighting of the factory and local lighting for 
each post. The contingent is nine staff, four women and five men in the job of Technician in Laboratory who 
alternate between the areas of Assembly and Assembly and Maintenance. 
The assembly and maintenance area is where the final product is assembled and also where the existing traffic 
lights on roadways undergo maintenance. This area consists of 2 Type A benches, 1 type B bench, 2 two welding 
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a) 
benches and 2 benches for testing jigs. There is a contingent of six employees in the position of Technicians in 
Laboratory I, who work by alternating between the Assembly areas and the Assembly and Maintenance Areas. 
4. Problematizing the Human-Task-Machine System (HTMS) 
The problematization of the HTMS was organized based on analyzing the production of the post-holder using 
photographic records and film footage. The problems were selected and classified in accordance with the assembly 
and maintenance activities of the company and are listed below: 
 
x Postural problems: Kyphotic postures when standing adopted during the transport of loads on the basis of the 
demands (Figure 3a). 
x Movement Problems: The transport of the signal stack is unsuitably performed. It is observed that the employee 
undertakes postures that hyper-extend the spine so as to lift and carry the load (Figure 3b). 
x Dimensional Problems: The height of the bench is inadequate for the activity and requires the employee to flex 
his trunk. The dimensioning of standards outside the limits of comfort of the bench causes visual constraints and 
postural rigidity (Figure 3c). 
x Action problems: The dimensions of the signal stack are outside the anthropometric and biomechanical limits of 
comfort and effort (Figure 3d). 
x Architectural Problems: insufficient and inadequate aeration for the comfort and well-being of the users (Figure 
3e). Possibility of traumatic injuries and bruises given the disorganization or the lack of protection devices of the 
parts, components or parts of the equipment in production arranged by the place in which people move about. 
The tops of the assembly tables are of a black color that contrasts with the white color of the walls. The 
illumination of the benches is arranged parallel to the shelf walls and cause glare due to the excess of luminosity 
and the worker’s inadequate angle of vision (Figure 3f). 
x Accident Problems: Fires or explosions due to leaks of flammable liquid material arising from manipulating the 
welding machine under a wooden bench and pieces of wood near the site (Figure 3g). 
 
 
 
 
 
 
 
 
‘ 
 
 
 
 
 
 
 
Fig. 3. Problems of the assembly and maintenance sector (a) kyphotic posture, b) posture of hyper-extending the spine, c) trunk flexion posture, 
d) dimensions of the signal stack outside anthropometric limits, e) adaptation of part of the structure of a fan on top of a chair, f) material 
arranged where people move about g) inflammable materials near the work station where welding equipment is used. 
b) c) d) 
e) 
g) f) 
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The problems found were categorized by the GUT (Gravity, Urgency and Tendency) technique that aims to set 
levels for the severity of the problems presented in the work stations of the Table [10]. 
The assembly and maintenance work station was selected to receive the ergonomic intervention because it has the 
highest average of the GUT table (53.7) compared to the service and assembly 1 sectors (25.6) that have similarities 
as to the performance of activities in the sitting position. 
 5. Ergonomic diagnosis 
In this step, the problems previously identified problems were analyzed in greater depth using techniques and 
tools presented by ergonomics. 
5.1 Anthropometric analysis 
The anthropometric assessment was used in order to register graphically and to analyze the existing 
incompatibilities between the benches of the assembly and maintenance work station of extreme dimensions 
(percentile 2.5% and 97.5%). Using these data it was possible to put forward dimensional recommendations that 
obey the requirements of the task activities and physiological constraints. 
In this evaluation, the techniques of applying two-dimensional anthropometric dummies were used using a 1:20 
scale for the man and the woman of the extreme percentiles. 
The measures of the assembly and maintenance workbench with a height of 80 cm, width of 2.40 m and depth of 
1.20 m were considered. Figure 4 shows the different views of the assembly and maintenance work station with the 
intersection views of the man standing at the 2.5% and 97.5% percentiles 
It is observed that: 
 
x Regarding the lateral view of the men of 2.5% and 97.5% percentiles, the reach zone of the individuals’ upper 
limbs is adequate but the vision comfort zone is hindered from 30° (Figure 4a ). 
x In the case of the view from above the man of 97.5% percentile has a greater visual range compared to the 2.5% 
percentile man. Thus, the movements needed to supply the visual range cause unsuitable postures of the neck 
and head regions (Figure 4b). 
x In the frontal view it can be seen that the 2.5% percentile of man's zone of reach areas is more comfortable than 
that of the taller man. In this case, making trunk and upper limb postures are undertaken unsuitably to offset the 
discomfort of achieving the reach areas (Figure 4c). 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Intersection of anthropmetric dummies a) lateral view, b) view from above and c) frontal view. 
 
 
a) b) c) 
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5.2. OWAS analysis 
The Ovako Working Posture Analysing System (OWAS) tool [11] was used to analyze the three steps of the 
assembly process of the traffic signals, which are: Collage of the Focal Modules, Installation of the Signal Stack and 
Packaging of the Signal Stacks. The results generated were presented in accordance with each step. 
The first step of making a collage of the focal modules was divided into eight activities. The results of the 
analysis were: the activities of handling the focal module, placing the focal module on the bench, the manual 
adjustment of the components of the focal module and placing the assembled focal module were categorized as 
action 2. This category indicates that corrections are needed in the near future because some movements are 
performed when standing with both legs stretched for 90% of the time needed to undertake the activity. 
In the second step, the assembly of the signal stack was sub-divided into four activities. The results of the 
analysis were: the tasks of lifting the load and transport were classified in the category of action 3 which indicates 
that changes are needed as quickly as possible. This score was calculated due to the fact that the analysis of the 
movements of the back are performed bent for 15% of the time taken for the task; one or both arms perform 
movements at or above shoulder height for 5% of the time taken for the task; standing or crouching with one or both 
knees bent for 10% of the time. As to the task of putting the load on the bench, this was classified as category 4 and 
requires immediate corrections. This score was obtained since the worker performs movements when standing or 
crouching with both knees flexed for 10% of the time taken for the activity. 
Finally, the third step of packaging the signal stack modules was subdivided into five activities and obtained the 
following results: the tasks of lifting loads, transporting loads, depositing loads in the storeroom for rotating stock 
were classified in the category of action 3, in which it is indicated that changes are required as soon as possible. This 
recommendation is proposed as a result of the analysis of the movements of the back which shows these are 
performed with the back bent for 100% of the time taken for the task; and standing or crouching with both knees 
bent for 10% of the time.  
In general it is recommended to make changes in the three stages of the assembly process, especially in the 
activities of collage (when some movements are performed standing with both legs stretched out); assembly of the 
signal stacks (when movements are performed with a bent back); packaging (when movements with a bent back are 
performed). 
5.3 Profile and voice of the worker 
The profile and voice of the workers of the assembly and maintenance work stations was analyzed using the 
following tools: Map of postural discomfort [12], Questionnaires to evaluate job, Questionnaire to assess 
employees’ perception regarding current working conditions and Evaluation of environmental comfort. The results 
from these tools are presented below: 
Map of postural discomfort: Of those interviewed, only two indicated they feel pain or discomfort in areas of 
their body. The regions selected were the neck (n=1), the nape of the neck (n=2), right shoulder (n=1), upper back 
(n=1), middle back (n=1) and lower back (n=1), as shown in the map locations (0, 1, 4, 5 and 10). According to the 
data of this evaluation it was found that the body areas singled out are developed by the activities of collage, 
assembly and packaging of the assembly and maintenance sector. It was observed that the employee worked with 
flexion positions, tilt and rotation of the trunk and neck. Also standing postures were identified using flexion 
movements of the trunk and neck associated with tilting and rotating these same regions of the body when 
transporting and handling loads in an unsuitable way. 
Questionnaire for the evaluation of the work station: According to the workers, the following items were 
evaluated as satisfactory: Chair height, ease of adjusting chair height, softness of the seating, the back support, the 
softness of the chair back, position of the machine, ease of servicing the machine. However, the following items 
were considered poor: backrest support, space available for working at the bench, space available for legs under the 
table. Regarding the furniture, the satisfactory and poor levels suggest that the chair used does not correspond to the 
level that is adequate for the users’ satisfaction and comfort and the position of the welding machine and 
undertaking maintenance of this machine are also not within appropriate levels. 
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Questionnaire to assess employees’ perception regarding current working conditions: From the results, the 
following could be seen: the staff’s evaluation is that the work done though it requires mental effort, is repetitive and 
involves responsibility, is something that they like doing. 
Assessment of Environmental Comfort: According to the Brazilian Standards relating to lighting [13], noise [14] 
and temperature [15] it was reported that: as to the lighting, it was reported that the environment has little clarity, 
however the users reported they were comfortable with this. As to the level of noise itvwas reported that the 
environment has little noise. With regard to the thermal sensation, most workers reported feeling very hot and 
uncomfortable in the workplace. 
6. Ergonomic recommendations 
The environmental comfort analysis was performed according to the workers’ opinion and indicates that the work 
environment is far from being bright and this does not bother them. However, according to the results from 
evaluating the level of luminosity, none of the places in which activities are undertaken in this sector meet the values 
recommended by the Brazilian NBR 5413 [13] which is 150 to 300 lux of illuminance. Therefore, it is 
recommended that the work area is illuminated based on these indices. 
The distribution of the light should be perpendicular in relation to the line of sight of 30° (horizontal) per square 
meter of a flat surface to prevent direct light being reflected into the worker's eyes. It is recommended that the tops 
of the benches be changed to lighter shades so that glare and contrast to the employee's vision is not caused. 
However, on the question of thermal sensation, most of the workers commented they feel very hot during their 
activities in the workplace. In this case, it is recommended that a study be conducted on the efficacy of the natural 
ventilation system and the use of existing exhaust hoods and if necessary an air-conditioning system be set up in the 
entire production environment. 
In relation to the work furniture, for activities undertaken sometimes standing, sometimes sitting, we recommend 
the use of a pedestal chair (Figure 5a) which is recommended for these activities. 
For the benches, the solution is to undertake a study of the work station at benches for the assembly that meets 
the recommended anthropometric measurements, thereby optimizing the employees’ reach. Also recommended is 
suitable furniture on which to use the welding machine. 
The use of breaks during the workday associated with the activity of work gymnastics by a specialist in this area 
is recommended. 
In the case of transporting the signal stacks, since it is not possible for two workers to help by lifting the load and 
transporting the signal stack, the use of a height-adjustable trolley is recommended (Figure 5b) for ease of handling. 
It is suggested that when lifting loads, the operator keeps the weight close to his body, his back straight and seeks to 
keep the symmetrical overweight by using both hands. 
As for the handling of equipment during assembly and packaging, a study is recommended on ways of handling 
equipment, considering the variations of speed, power and precision required to accomplish the task. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 a) Example of a pedestal chair and b) Example of a height-adjustable trolley. 
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7. Conclusion 
Although various problems of an ergonomic nature of the job under study have been identified, we believe that 
the use of the tools of analysis and the results were adequate so that recommendations could be put forward with a 
view to minimizing the problems and provide a better quality of life and safety for the workers . 
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